1. Ribosomes prepared from bovine lactating mammary gland are able to synthesize protein, whereas similar preparations from non-lactating glands are not. Washing the ribosome suspensions through a medium containing 0.5M-ammonium chloride enhanced their ability to incorporate phenylalanine into polyphenylalanine. 2. Ribosomes isolated from non-lactating bovine mammary gland, in contrast with those from rat liver and lactating mammary gland, contained significant amounts of extraneous nucleases. These enzymes could be removed by washing with a medium A buffer containing 0.5M-ammonium chloride. 3. Only those ribosomes from functionally active tissues were able to bind polyuridylic acid and phenylalanyl-tRNA.
Ribosomes have a complex structure that is essential for protein synthesis (Hoagland, 1960) and consist of ribosomal RNA and a number of different structural proteins (Waller & Harris, 1961; Traut, 1966; Traut, Moore, Delius, Noller & Tissi6res, 1967; Fridlender & Wettstein, 1970) . Only the complete ribosome consisting of both subunits can bring about the process of translation in the proteinsynthesizing system. Neither of the ribosomal subparticles can replace the complete ribosome (Gilbert, 1963; Pestka & Nirenberg, 1966) . These factors suggest a complexity in the functioning of the individual components present in the ribosomes.
It has been shown that unfertilized sea-urchin eggs are incapable of synthesizing protein (Maggio, Vittorelli, Rinaldi & Monroy, 1964) . This is apparently prevented by some structural condition of the ribosomes that is changed upon fertilization, since trypsin treatment of the particles from the unfertilized egg enables amino acid incorporation to occur (Monroy, Maggio & Rinaldi, 1965) . However, Stavy & Gross (1967) suggested that there is no general defect in egg ribosomes, nor is there an inhibitor or a deficiency in cofactors, but that the stored messenger RNA is not in a translatable state until after the egg is activated.
Since we have shown in a previous paper (Herrington & Hawtrey, 1969a) A88ay of phenylalanine incorporation into ribo8ome8. The incubation medium for the incorporation of labelled phenylalanine into ribosomes is given in the legend to Fig. 1 . Incubations were carried out under aerobic conditions at 37°C and after the predetermined times the reactions were terminated by the addition of an equal volume of 10% (w/v) trichloroacetic acid. The samples were kept overnight at 00C before collection of the protein precipitates by centrifugation. Washing and counting of radioactivity was carried out as previously described (Herrington & Hawtrey, 1969b) .
Reaction mixture for the binding of phenylalanyl-tRNA to ribo8ome8. The method devised by Nirenberg & Leder (1964) was used for the assay of binding of phenylalanyltRNA. The reaction mixture contained 83mM-sucrose, 100mm-tris-HCI buffer, pH7.6, 50mM-KCl, 20mm-MgCl2, 5mM-phosphoenolpyruvate, 50,ug of pyruvate kinase, 0.875mM-puromycin dihydrochloride, 500,ug of poly(U), [3H]phenylalanyl-tRNA (106130c.p.m.) and an appropriate amount of the indicated ribosomes in a total volume of 3ml. Binding was carried out aerobically at 250C. At the indicated times, 0.5ml samples were taken from the incubation medium and immediately placed into 3ml of ice-cold Nirenberg buffer, containing 0.1M-tris-HC1 buffer, pH7.6, 0.05M-KCl and 0.02M-MgCl2. The diluted reaction mixture was poured on to Millipore HA 0.45,um filters and washed with buffer under suction to remove unbound [3H]phenylalanyl-tRNA. The washing procedure was repeated at least three times. The filters were then dried in air for about 1 h, placed in counting vials with 10ml of scintillation fluid [0.5% (w/v) 2,5-diphenyloxazole and 0.03% (w/v) 1,4-bis-(5-phenyloxazol-2-yl)benzene in chromatography-grade toluene] and their radioactivities counted in a liquid-scintillation spectrometer (Packard Tri-Carb, model 2002) Henshaw, Bojarski & Hiatt (1963) as modified by Stead, Nourse & Hawtrey (1964) . A 2ml sample containing ribosomes plus [3H]-poly(U) (1 uCi), previously incubated for 5min at 370C, was layered on top of the linear gradient. The centrifugation was carried out at 60000g,y. for 4h (Spinco no. SW 25.1 rotor) with a rotor temperature of 400. After centrifugation, fractions (1 ml) were collected by using a hypodermic needle, diluted to 2ml with water and their E260 was measured in a spectrophotometer (Unicam model SP. 500). The radioactivity of alternate samples (1 ml) were counted in Bray's (1960) solution.
Ribonucleawse as8aye. The nuclease activity present onthe ribosomes was measured as described by Herrington & Hawtrey (1970a) .
Determination&. Protein was determined by the biuret method of Gornall, Bardawill & David (1949) with bovine serum albumin as standard. The concentration of ribosomes was measured spectrophotometrically at 260nm (El% 135) (Nourse, 1969) .
RESULTS
Incorporation of phenylalanine by crude and purified ribosomes. A number of workers have studied amino acid incorporation in vitro into ribonucleoprotein particles prepared from guineapig and rabbit lactating mammary glands (Frazer & Gutfreund, 1958; Brew & Campbell, 1967; Baird & Herriman, 1968) . In all cases it has been proved to be an ideal system in which to study the mechanisms of protein biosynthesis.
The results presented in Fig. 1 show that [3H]-phenylalanine incorporation into rat liver and lactating bovine mammary-gland ribosomes, puri- Fig. 1 suggest that the ribosomal protein-synthetic mechanism in this tissue is unable to function efficiently.
Binding of [3H]phenylalanyl-tRNA to ribosome8. The binding of either aminoacyl-tRNA or peptidyltRNA to ribosomes has been studied in many laboratories (Kaji & Kaji, 1963; Bretscher & Marcker, 1966; Ghosh & Khorana, 1967; Jonak & Rychlik, 1970) . The assays of the results shown in Fig. 2 are based upon that described by Nirenberg & Leder (1964) in which the ribosomes and [3H]-phenylalanyl-tRNA bound to ribosomes is retained by Millipore filters.
As can be seen from the results (Fig. 2) both rat liver and lactating bovine mammary-gland ribosomes were capable of binding [3H] phenylalanyltRNA in the presence of poly(U). Since the rate of interaction increases with temperature, studies were carried out at 250C to prevent the maximum being attained much before 15min. However, ribosomes from non-lactating bovine mammary gland, that had been purified of all extraneous protein by washing with ammonium chloride were almost incapable of binding the activated aminoacyl-tRNA complexes.
Interaction of ribo8omes and poly(U). It has been reported that synthetic messenger RNA such as poly(U) is able to associate with both 70 S ribosomes and with 30 S ribosomal subunits (Barondes & Nirenberg, 1962;  Fraction no. Kaji, Suzuka & Kaji, 1966a) . Other synthetic polyribonucleotides have also been shown to bind to ribosomes  Moore, 1966) .
The results of Fig. 3 show that although crude, unwashed lactating and non-lactating bovine mammary-gland ribosomes both exhibit a sedimentation coefficient of approx. 73S, only the former were able to associate with the synthetic poly(U) message (Fig. 3b) . Those ribosomes prepared from non-lactating bovine mammary gland were unable to interact with poly(U). This inability to bind poly(U) may be associated with the high nuclease activity present on non-lactating bovine mammarygland ribosomes (Table 1 ) since corresponding preparations from lactating mammary glands have a low nuclease activity and are able to interact with the synthetic message.
Nevertheless, when ribosomes prepared from rat liver, lactating and non-lactating bovine mammary gland were washed twice in a medium containing Fraction no. Fig. 4 . Sucrose-density-gradient centrifugation of purified washed ribosomes prepared from rat liver (a), nonlactating (b) and lactating (c) bovine mammary gland and the binding of [3H]poly(U) to such ribosomes.
Details of gradient centrifugation are identical with those given in Fig. 3. *, E260 ; radioactivity.
0.5M-ammonium chloride, only ribosomes from rat liver and lactating glands were able to form a message-ribosome complex (Figs. 4a and 4c ). Although the extraneous ribonuclease on the nonlactating bovine mammary-gland ribosomes had been removed (Table 1) they were nevertheless still incapable of binding poly(U) (Fig. 4b) . DISCUSSION The lactating mammary gland, because of its rapid anabolic metabolism, is an ideal system in which to study the mechanisms ofprotein synthesis. However, little is known of the biochemical changes that occur in the transition period between conception and lactation.
In previous work it has been shown that a major portion ofthe tRNA from non-lactating glands lacks the terminal trinucleotide sequence -pCpCpA (Herrington & Hawtrey, 1970a,b) and as such, is unable to form activated aminoacyl-tRNA complexes. At the onset of lactation, however, the -pCpCpA group is replaced, thereby allowing protein synthesis to proceed as normal. An analogous observation has also been reported by Turkington (1969) who showed that RNA extracted from explants of mammary glands in tissue culture increased in their ability to accept amino acids as the tissue proceeded from non-lactation through to lactation.
In addition to this mechanism for the control of milk-protein biosynthesis, it appears from the resultspublishedpreviously (Herrington & Hawtrey, 1969a) and in the present paper that the ribosomes from non-lactating bovine mammary gland are unable to incorporate amino acids into protein. This is in agreement with Baird & Herriman (1968) who reported that ribosomal protein synthesis markedly increased 30-fold from 2 days before birth to 12 days after birth. In all cases, however, no explanation hasbeen offeredastowhypre-partum ribosomes are unable to synthesize protein.
The results presented show that neither the synthetic poly(U) message nor the activated aminoacyl-tRNA complex were able to bind to ribosomes prepared from non-lactating bovine mammary gland. On the other hand both components are able to associate with 70S ribosomes from rat liver and lactating mammary gland, suggesting some structural difference between ribosomes from functional tissue and essentially non-functional tissue.
The question of whether nucleases present on non-lactating bovine mammary-gland ribosomes played any significant role in altering the structure of the ribosomes, and hence their ability to bind message, required special consideration. Such activity could lead to degradation of the ribosomal RNA and breakdown of the particles. When, however, these ribosomes were prepared in the presence of rat liver cell sap, which contains an inhibitor of ribonuclease, they were still incapable of synthesizing protein and binding message. This suggests that the extraneous ribonucleases do not affect the ribosomal structure; and even when the nucleases are removed by washing the ribonucleoprotein particles remain almost completely nonfunctional.
It is noteworthy that although ribosomes from non-lactating mammary glands contain extraneous nucleases, those from lactating tissue and rat liver do not. It seems possible that in mammary-gland tissue these enzymes decrease in activity after conception although no explanation can be offered as to the role that they play in the tissue before the hormonal initiation of lactation. In order for the ribosomes to serve as an apparatus for translation they should satisfy three basic requirements: (a) be able to associate into the form of 73 S particles which consist of two associated subparticles, (b) have an intact chain of ribosomal RNA and (c) contain the complete set of ribosomal structural proteins.
Both lactating mammary gland and rat liver ribosomes must satisfy these requirements since they are able to incorporate amino acids into protein. Ribosomes prepared from non-lactating glands, however, definitely satisfy the first two requirements since they exhibit a sedimentation coefficient of approx. 73 S and their ribosomal RNA is intact having sedimentation coefficients ofapprox. 18S and 28S (Herrington & Hawtrey, 1969a ). It appears, therefore, that the malfunction lies with the protein moiety of these ribosomes. Monroy et al. (1965) reported that unfertilized sea-urchin eggs when treated with trypsin gained the ability to incorporate amino acids into protein, presumably due to the removal of a protein coat around the ribosomes that prevented their functioning. This condition, however, was not found to exist in non-lactating mammary-gland ribosomes, since trypsin treatment had no effect on their ability to synthesize protein (M. D. Herrington & A. 0. Hawtrey, unpublished work).
Another alternative was that the ribosomes lacked a few proteins, since Nomura & Traub (1966) have shown that the separation of a definite portion of the ribosomal protein from the 30S subunit deprived it of its ability to bind the template polynucleotide. Similarly, very mild treatment of the ribosomes destroys its ability to bind poly(U) (Kaji, Suzuka & Kaji, 1966b; Zak, Nair & Rabinowitz, 1966) . The absence of certain proteins from non-lactating mammary-gland ribosomes would hardly be expected to affect drastically their sedimentation coefficient but would critically influence their ability to synthesize protein.
Polyacrylamide-gel electrophoresis of proteins isolated from rat liver and lactating mammarygland ribosomes gave approx. 20 bands. Proteins isolated from non-lactating mammary-gland ribosomes would not migrate. Different protein solvents were tried as well as 7.5 and 15% (w/v) polyacrylamide gels, but to no avail. For this reason it is difficult to state categorically that vital proteins are missing but the circumstantial evidence obtained suggests so.
In conclusion it appears that non-lactating bovine mammary-gland ribosomes are non-functional owing to a deficiency of certain ribosomal proteins that would cause the particles to remain inactive. Once conception occurs, however, hormonal interaction may result in the missing proteins being replaced thereby forming functional ribosomes.
